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 2 
ABSTRACT 1 
        This study was conducted to elucidate the taxonomic status and post-isolating  2 
mechanisms of Fejervarya cancrivora from Indonesia and other Asian populations. Five 3 
populations of F. cancrivora, from Selangor (Malaysia), Cianjur (Java, Indonesia), Trat 4 
(Thailand), Khulna (Bangladesh), and Makassar (Sulawesi, Indonesia), were observed 5 
morphologically and through crossing experiments. Discriminant and clustering analyses 6 
showed that the five populations could be morphologically separated into three groups 7 
corresponding to three types: a Selangor and Cianjur group (large-type), a Trat and Khulna 8 
group (mangrove-type), and a Makassar group (Sulawesi-type). The hybrids between the 9 
Selangor females and Cianjur and Trat males developed normally, but the hybrids between 10 
the Selangor females and Khulna males showed incomplete gametic isolation. Histological 11 
observations of the testes of mature males revealed pycnotic nuclei in the hybrids between the 12 
Selangor females and Khulna males, in addition to normal bundles of spermatozoa. In 13 
contrast, no pycnotic nuclei were found in the Selangor controls. Meiotic metaphases of the 14 
control were quite normal, but those of the hybrids showed abnormalities such as the 15 
appearance of univalents and an increase in rod-shaped bivalents. Based on our findings from 16 
the morphological observations and crossing experiments, we conclude that each of the three 17 
types is a distinct species, and that large-type is reproductively isolated from the mangrove-18 
type by incomplete gametic isolation or abnormal spermatogenesis. 19 
 20 
Keywords : Fejervarya cancrivora, speciation, morphometry, crossing experiments, 21 
spermatogenesis. 22 
 23 
 24 
 25 
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 3 
INTRODUCTION 1 
        The crab-eating Fejervarya cancrivora is one of the most widely distributed frog species 2 
in the Asian region, extending from Guangxi and the northeastern coast of Hainan Island, 3 
China through to Vietnam, the Andaman and Nicobar Islands (India), Peninsular Thailand, 4 
Malaya, Singapore, Greater Sundas, the Philippines, and the Lesser Sundas as far as Flores 5 
(Frost, 2007). Gravenhorst (1829), the first to report this species, described it as a species of 6 
the genus Rana. Several genera such as Limnonectes and Fejervarya have recently been 7 
elevated to a generic status from their former status as synonyms of the very large and 8 
widespread genus Rana (Frost, 2007). Thus, Rana cancrivora has been renamed Fejervarya 9 
cancrivora (Iskandar, 1998; Dubois and Ohler, 2000). The type specimen of Fejervarya 10 
cancrivora stored in the Breslau Museum is considered to be lost. Another specimen collected 11 
at Cianjur`s rice field (West Java, Indonesia), a specimen traditionally recognized under this 12 
name, has been designated as the neotype by Dubois and Ohler (2000). 13 
        Molecular and allozyme analyses by Kurniawan et al. (2009) have revealed that 14 
Fejervarya cancrivora in Asia can be divided into three types, that is, the mangrove-type, the 15 
large-type, and the Pelabuhan ratu/Sulawesi-type, the latter of which is close to the large-type. 16 
Data from the same study indicate that the mangrove-type is distributed in the Asia mainland 17 
and Philippines; the large-type, in Sunda land; and the Pelabuhan ratu/Sulawesi-type, in 18 
Pelabuhan ratu and Sulawesi Island. They have also reported preliminarily that the snout-vent 19 
length of the mangrove-type is comparatively smaller than that of the large-type (Kurniawan 20 
et al., 2009). 21 
The biological species concept proposed by Mayr (1942) defines a species as a group 22 
which actually or potentially interbreeds and is reproductively isolated from other groups. 23 
Based on this species concept, various groups have sought to elucidate the degree of 24 
speciation among species by examining post-isolating mechanisms through crossing 25 
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 4 
experiments (Kawamura et al., 1980, 1981; Kuramoto, 1983; Sumida et al., 2003).  1 
In the present study we sought to elucidate the taxonomic status and post-isolating 2 
mechanism of the F. cancrivora types by conducting morphological observations and cross 3 
breeding experiments on three F. cancrivora types from four countries, that is, Indonesia, 4 
Malaysia, Thailand, and Bangladesh. 5 
 6 
MATERIALS AND METHODS 7 
Morphometry 8 
The morphological observations were performed with 97 individuals: 12 females and 9 
11 males from Cianjur (Indonesia), 11 females and 10 males from Selangor (Malaysia), 10 10 
females and 10 males from Trat (Thailand), 6 females and 7 males from Khulna (Bangladesh), 11 
and 10 females and 10 males from Makassar (Indonesia) (Table 1). These specimens were 12 
deposited in the Institute for Amphibian Biology, Hiroshima University (IABHU).  13 
The following 31 parameters were measured with calipers to the nearest 0.1 mm: 14 
snout-vent length (SVL), head length (HL), head width (HW), snout tympanum length (STL), 15 
mouth angle-snout length (MSL), distance from nostril to tip of snout (NS), distance from 16 
front of eye to tip of snout (SL), nostril tympanum length (NTL), distance from front of eye to 17 
nostril (EN), tympanum-eye distance (TEL), tympanum diameter (TD), distance from back of 18 
mandible to nostril (MN), distance from back of mandible to front of eye (MFE), distance 19 
from back of mandible to back of eye (MBE), inter-narial space (IN), eye length (EL), inter-20 
orbital distance (IOD), maximum width of upper eyelids (UEW), hand length (HAL), 21 
forelimb length (FLL), lower arm length (LAL), hind-limb length (HLL), thigh length 22 
(THIGHL), tibia length (TL), foot length (FOL), length of tarsus and foot (TFOL), third 23 
finger length (3 FL), first finger length (1FL), fourth toe length (4TL), length of inner 24 
metatarsal tubercle (IMTL), inner toe length (ITL).  25 
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 5 
To standardize the different body sizes among the specimens, every measurement was 1 
divided by the snout-vent length (SVL) and shown as a percentage. The data were 2 
transformed into log10 values before a clustering analysis using the R.2.4.1 program and a 3 
discriminant function analysis using Microsoft Excel. The morphological variation among 4 
populations was tested using Principal Component Analysis (PCA) and Dunn’s multiple 5 
comparison test at the 5% level. 6 
Crossing Experiments  7 
The crossing experiments were carried out by artificial insemination (Kawamura et al., 8 
1980) using 15 F. cancrivora frogs: 5 females and 3 males from Selangor (Malaysia), 3 males 9 
from Cianjur (Indonesia), 2 males from Trat (Thailand), and 2 males from Khulna 10 
(Bangladesh)(Table 1).   11 
The sperm suspension was prepared by crushing a testes removed from each male in a 12 
small volume of distilled water. After ovulation accelerated by the injection of bullfrog 13 
pituitaries into the body cavity, eggs were stripped from the females and placed on glass slides. 14 
After confirmation of sperm motility under a microscope, the eggs were inseminated with the 15 
sperm suspension, transferred into a glass Petri dish containing tap water, and observed to 16 
confirm normal development. The tadpoles were fed on boil d spinach and metamorphosed 17 
frogs were fed on cricket. Viability was counted as the rate of normal development among the 18 
total eggs at each of the following stages: normal cleavage, tail-bud embryo, hatched tadpole, 19 
feeding tadpole, 30-day-old tadpole, and metamorphosed frog. The ploidy of the hybrids was 20 
checked by observing the number of chromosomes in the metaphase spreads of the tail tips.   21 
Histological and Spermatogenesis Observations 22 
Testes of the mature hybrids and controls were used for histological and 23 
spermatogenesis observation. Among the mature hybrid and control individuals, four hybrids 24 
between Selangor females and Khulna males and two controls were used for histological and 25 
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 6 
spermatogenesis observations. One testis was fixed in Navashin’s solution, sectioned at 10 1 
µm, and stained with Heidenhain’s iron hematoxylin for histological observation, and the 2 
other testis was used to prepare the chromosome preparation. The meiotic chromosomes were 3 
prepared according to the technique described by Schmid et al. (1979), with slight 4 
modification. The chromosomes were stained with a 2% Giemsa solution for 5 min. The 5 
chromosome analysis was carried out using only diploid cells at the diakinesis and metaphase 6 
of the first reduction division, when bivalent and univalent chromosomes could be easily 7 
distinguished from each other. 8 
 9 
RESULTS 10 
Morphological Observations 11 
Measurements 12 
Figure 1 shows the female frogs from the five F. cancrivora populations. The SVL in 13 
males vs. females was 69.5±3.9 mm vs. 95.7±5.3 mm in the Cianjur population from 14 
Indonesia, 65.0±4.1 mm vs. 76.0±12.5 mm in the Selangor population from Malaysia (Table 15 
2), 55.5±5.3 mm vs. 67.4±9.6 mm in the Trat population from Thailand, 54.5±5.4 mm vs. 16 
70.4±12.9 mm in the Khulna population from Bangladesh (Table 2), and 58.2±4.5 mm vs. 17 
70.9±8.6 mm in the Makassar population from Indonesia, respectively (Table 2).  18 
The dendrograms based on Euclidean distance showed that these five populations 19 
could be divided into two clusters, namely, the Sulawesi-type and the mangrove-plus-large-20 
types, and that the latter cluster could be further split into two subclusters, namely, the 21 
mangrove-type and the large-type (Figs. 2 and 3). Among the males and females of the large-22 
type, the Cianjur population from Indonesia could not be distinguished from the Selangor 23 
population from Malaysia. In the mangrove-type, the Trat population from Thailand was 24 
distinguishable from the Khulna population from Bangladesh in females, but not in males 25 
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 7 
(Figs. 2 and 3). Among the males and females of the Sulawesi-type, the Makassar population 1 
from Indonesia was morphologically distinct from the other populations (Figs. 2 and 3).  2 
In the principal component analysis (PCA) based on 31 log10-transformed 3 
morphometric distances for the males, five populations were divided into three groups, 4 
namely, the large-type, mangrove-type, and Sulawesi-type. The PCA for females produced 5 
almost the same result as it did for males, except in the Trat population from Thailand and the 6 
Khulna population from Bangladesh (each of which became a separated group) (Figs. 4 and 7 
5).  8 
Two components were extracted with eigenvalues of greater than 1, and this 9 
explained 24.60% and 36.43% (first component) and 16.77% and 13.17% (second 10 
component) of all of the morphometric variation in males and females, respectively (Table 3). 11 
Hind-limb parameters (HLL, THIGHL, TFOL and FOL) and head parameters (HW and HL) 12 
were dominated in the PC1 for both males and females (Table 3), while forelimb parameters 13 
(3FL, 1FL and LAL) and eye size (EL) were dominated in the PC2 for both males and 14 
females (Table 3). In a comparison of adult specimens among the five populations by Dunn's 15 
multiple comparison test, significant differences were found among them in 21 morphometric 16 
parameters in males, and in 24 in females (Tables 4 and 5).  17 
In the adult male comparison, there were no significant differences between the Cianjur and 18 
Selangor populations or between the Trat and Khulna populations (Table 4). The Makassar 19 
population, meanwhile, significantly differed from both the Trat and Khulna populations in 10 20 
morphometric parameters, and significantly differed from the Cianjur and Selangor 21 
populations in 16 and 15 morphometric parameters, respectively (Table 4). In the adult female 22 
comparison, 8 morphometric parameters significantly differed between the Cianjur and 23 
Selangor populations, and 9 morphometric parameters significantly differed between the Trat 24 
and Khulna populations (Table 5). The Makassar population, meanwhile, significantly 25 
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 8 
differed from both the Trat and Khulna populations in 21 morphometric parameters, and 1 
significantly differed from both the Cianjur and Selangor populations in 16 morphometric 2 
parameters (Table 5). 3 
Webbing and free flap of the hindlimb 4 
The hindlimb toe webbing of a Selangor female (large-type, SVL 82.1 mm) of F. 5 
cancrivora is moderate, terminating short of the tips (Fig. 6A). The free flap of the fifth toe of 6 
the hindlimb of this female extends up to the first segment of the fifth toe, and gradually 7 
narrows from the bottom to the first segment of the fifth toe. The width and length of the free 8 
flap are 1.0 mm and 24 mm, respectively. The hindlimb toe webbing of a Trat female 9 
(mangrove-type, SVL 70.3 mm) of F. cancrivora extends all the way to the tips (Fig. 6B). The 10 
free flap of the fifth toe of the hindlimb of this female extends up to the tip of the fifth toe, 11 
and gradually narrows from the bottom to the tip of the fifth toe. The width and length of the 12 
free flap are 1.5 mm and 21 mm, respectively. The hindlimb toe webbing of a Makassar 13 
female (Sulawesi-type, SVL 84.2 mm) of F. cancrivora is moderate, stopping short of the tips 14 
(Fig. 6C). The free flap of the fifth toe of the hindlimb of this female extends up to the second 15 
segment of the fifth toe. The width and length of the free flap are 1.0 mm and 20 mm, 16 
respectively.  17 
Crossing Experiments  18 
Developmental capacity of the hybrids and the controls 19 
Crossing experiments were performed on four populations of F. cancrivora, in 20 
Selangor (Malaysia), Cianjur (Indonesia), Trat (Thailand), and Khulna (Bangladesh), in the 21 
breeding season of 2007. The developmental capacity and survival curves of the hybrids and 22 
controls are shown in Table 6 and Fig. 7. 23 
In five control matings of the Selangor population, 87–100% (x=95%) of the 24 
respective total numbers of eggs cleaved normally, 33–89% (x=73%) became normal tail-bud 25 
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 9 
embryos, 32–89% (x=62%) hatched normally, 14–82% (x =55%) became normally feeding 1 
tadpoles, 14–72% (x =42%) became normal 30-day-old tadpoles, and 13–62% (x =35%) 2 
metamorphosed normally (Table 6).  3 
In five hybrid matings between Selangor females and Cianjur males, 69–96% (x 4 
=84%) of the respective total numbers of eggs cleaved normally, 52–89% (x =71%) became 5 
normal tail-bud embryos, 40–71% (x =53%) hatched normally, 22–57% (x =40%) became 6 
normally feeding tadpoles, 19–57% (x =37%) became normal 30-day-old tadpoles, and 19–7 
56% (x =33%) metamorphosed normally (Table 6). 8 
In two of four hybrid matings between Selangor females and Khulna males, very few 9 
eggs cleaved normally or became normally feeding tadpoles (Table 2). In the other two 10 
matings, 57-61% (x =60%) of the respective total numbers of eggs cleaved normally, 38-47% 11 
(x =44%) became normal tail-bud embryos, 25-47% (x =39%) hatched normally, 17-45% (x 12 
=35%) became normally feeding tadpoles, 16-41% (x =32%) became normal 30-day-old 13 
tadpoles, and 9-25% (x =19%) metamorphosed normally (Table 6).  14 
In two hybrid matings between Selangor females and Trat males, 87–100% (x =98%) 15 
of the respective total numbers of eggs cleaved normally, 75–76% (x =75%) became normal 16 
tail-bud embryos, 60–72% (x =62%) hatched normally, 53–65% (x =54%) became normally 17 
feeding tadpoles, 49–62% (x =51%) became normal 30-day-old tadpoles, and 45–61% 18 
(x=46%) metamorphosed normally (Table 6).  19 
Sexes of the hybrids and controls 20 
The matured frogs from the control matings were 41.7% female and 58.3% male. 21 
The hybrids between the Selangor females and Cianjur males were 27.3% female and 72.7% 22 
male. On the other hand, all of the hybrids between the Selangor females and Khulna males 23 
were males (Table 6). 24 
 25 
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 10 
Histological and spermatogenesis observations of the testes  1 
The inner structures of testes of the matured male hybrids between Selangor females 2 
and Khulna males and the controls were examined by histological and spermatogenesis 3 
observations.  4 
The inner structures of the testes of the control males were completely normal, with 5 
seminiferous tubules filled with compact bundles of normal spermatozoa (Fig. 8A). The testes 6 
of the hybrids were slightly abnormal, with seminiferous tubules containing pycnotic nuclei in 7 
addition to normal bundles of spermatozoa (Fig. 8B).  8 
In the controls, 248 meiotic spreads were analyzed from 2 males, and all of them 9 
contained 13 bivalents. In the hybrids, 237 meiotic spreads were analyzed from 2 hybrid 10 
males. Among these spreads, 196 (82.7%) contained 13 bivalents, 31 (13.1%) contained 12 11 
bivalents and 2 univalents, 13 (5.5%) contained 11 bivalents and 4 univalents, and the other 2 12 
(0.8%) contained 10 bivalents and 6 univalents (Table 7, Figs. 9, 10). The number of 13 
univalents per spermatocyte was 0.53, and the proportion of univalents to all chromosomes 14 
was 4.1% (Table 7). In a comparison of the numbers of ring- and rod-shaped bivalents in the 15 
controls and hybrids (Table 8), the ring-shaped bivalents outnumbered the rod-shaped 16 
bivalents overwhelmingly in the controls, whereas the ring-shaped bivalents decreased and 17 
the rod-shaped bivalents increased in the hybrids in both the large and small chromosomes 18 
(Table 8). In total, 3224 (100%) of the bivalents were ring-shaped in the controls, whereas 19 
1937 (71.7%) of the bivalents were ring-shaped (and the other 765 (28.3%) were rod-shaped) 20 
in the hybrids (Table 8). The mean number of bivalents per spermatocyte in the controls was 21 
13.00, while that in the hybrids was 11.96 (Table 8).  22 
 23 
 24 
 25 
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DISCUSSION 1 
Reproductive isolation  2 
 A species has been defined as a group of actually or potentially interbreeding natural 3 
populations which are reproductively isolated from other groups (Mayr, 1942). In this vein, 4 
different species have been  interpreted as systems of populations: gene exchange between 5 
these systems is limited or prevented in nature by reproductive isolating mechanisms, acting 6 
either singly or in combination (Dobzhansky, 1970). Evidence that two populations are 7 
reproductively isolated sometimes comes from direct observations or experiments on mating 8 
properties, or from the viability and sterility of hybrids produced in the laboratory (Futuyma, 9 
1986). In amphibians, it is not difficult to find reproductive isolation among allopatric 10 
populations through hybridization experiments. Kawamura et al. (1981, 1985) and Sumida et 11 
al. (2003) conducted a series of artificial crossing experiments to investigate the reproductive 12 
isolating mechanisms among brown frog species distributed in the Palearctic region and North 13 
America. They found that brown frog species are reproductively isolated from one another by 14 
gametic isolation, hybrid inviability, or hybrid sterility, and that all viable interspecific hybrids 15 
became completely sterile males.  16 
 Though we found no hybrid inviability among four of the F. cancrivora in the present 17 
study, we observed incomplete gametic isolation and abnormal spermatogenesis in the hybrids 18 
between the Selangor and Khulna populations. We used four females from Selangor and two 19 
males from Khulna for the present crossing experiments. These four females exhibited 20 
different responses, although the egg quality and the sperm motility were assessed as normal 21 
before fertilization. Incomplete gametic isolation occurred in two hybrid matings between two 22 
Selangor females and two Khulna males, whereas the hybrids between the other two Selangor 23 
females and two Khulna males developed normally. The viable F1 hybrids produced from the 24 
latter combinations showed abnormal spermatogenesis, that is, an increase in univalents and 25 
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 12 
rod-shaped bivalents in meiotic metaphases of testes.  1 
 Extensive studies have examined the behavior of meiotic chromosomes in the 2 
spermatogenesis of F1 hybrids between species, subspecies, or races of amphibians in which 3 
chromosome structures were expected to differ (Callan and Spurway, 1951; Spurway and 4 
Callan, 1960; Gunther, 1975; Okumoto, 1980; Callan et al., 1991; Sumida et al., 1994; Djong 5 
et al., 2007). The meiotic chromosomes of the hybrids in these studies showed drastic 6 
reductions in chiasma frequency, restriction of the chiasmata to the chromosome ends, and 7 
increases in univalent chromosomes. The degree of meiotic aberration seems to depend on the 8 
taxonomic levels at which hybridization is observed. We found, in the present study, that the 9 
mean number of univalents per spermatocyte was 0.53, the proportion of univalents to all 10 
chromosomes was 4.1%, and the rod-shaped bivalents increased to 28.3%, in the hybrids 11 
between Selangor females and Khulna males. The patterns of increase in univalents and rod-12 
shaped bivalents in these hybrids are similar to those in the hybrids between the Malaysia and 13 
Indonesian populations of Fejervarya  limnocharis (Djong et al., 2007), between the Yaeyama 14 
and Hiroshima populations of F. limnocharis (Sumida et al., 2005), between the Amami and 15 
Okinawa populations of Odorrana ishikawae (Sumida et al., in preparation), and between the 16 
Amami and Okinawa populations of Rana “okinavana” (Iwanari et al., 2009). All of these 17 
hybrids are now regarded to be interspecific, which suggests that both of the parental 18 
populations are differentiated to distinct species in each case. Sasa et al. (1998) proposed a 19 
lower threshold of genetic distance, (D)=0.30, for speciation, based on data from 116 species 20 
crosses with 46 species of frogs. Vences et al. (2004) found that the differentiation among 21 
conspecific populations in African Malagasy frog species never exceeded 2.0% for the 22 
mitochondrial 16S rRNA gene. Based on allozyme and mtDNA analyses  (Kurniawan et al., 23 
2009), the genetic distance (D) and the sequence divergence at the 16S rRNA gene between 24 
the Khulna and Selangor populations were 0.525 and 3.0%, respectively. These values, 25 
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 13 
together with the spermatogenetic aberration observed in the hybrid described above, suggest 1 
that these two populations of the mangrove-type and large-type can be regarded as distinct 2 
species. The neotype of F. cancrivora collected by Dr. Veith at Cianjur, West Java, Java 3 
(Indonesia) (Dubois and Ohler, 2000) belongs to the large-type (Veith et al., 2001; Kurniawan 4 
et al., 2010). Thus, the mangrove-type and Sulawesi-type should be reclassified as new 5 
species. The authors are now preparing to make this change.  6 
Morphological differentiation 7 
 Based on the present clustering analysis by Principal Component Analysis (PCA) and 8 
Dunn’s multiple comparison test, we could infer that the Selangor and Cianjur populations 9 
represented a large-type group; the Trat and Khulna populations, a mangrove-type group; and 10 
the Makassar population, a Sulawesi-type group. These three groups exhibited significant 11 
differentiation in the SVL, HW, TL, TFOL and IFL in males, and in the HW, LAL, HLL, 12 
THIGHL, TL, and TFOL in females. Within the mangrove-type group, several of the traits of 13 
the females from the Trat and Khulna populations were also differentiated (Table 5, Fig. 5). 14 
Kurniawan et al. (2010) reported slight genetic differentiation between these two populations, 15 
and among these two populations and the Philippine population. As the mangrove-type frogs 16 
usually inhabit seashore areas, the natural overseas dispersal may explain the slight 17 
differentiation among the populations of the mangrove-type F. cancrivora (Toda et al., 1997). 18 
Further extensive studies, however, will be necessary to precisely elucidate the differentiation 19 
among populations of the mangrove-type group.  20 
 The present measurements show that the large-type group is larger than the mangrove-21 
type and Sulawesi-type groups in body length, and that the mangrove-type group is similar to 22 
the Sulawesi-type group. Other studies show that F. cancrivora frogs from Indonesia (body 23 
length of 65.5 – 82.0 mm (average: 70.9 mm) in males and 75.0 –105.0 mm (average: 81.9 24 
mm) in females) are larger than those from Thailand and the Philippines (50.3 – 69.0 mm 25 
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(average: 58.2 mm) in males, 55.4 – 73.0 mm (average: 65.9 mm) in females) (Table 9). 1 
Based on the present measurement data and the distribution areas reported previously 2 
(Kurniawan et al., 2010), the frogs from Indonesia and the frogs from Thailand and the 3 
Philippines are deemed to be in the large-type group and the mangrove-type group, 4 
respectively.  5 
 In observations of external traits, the morphological differentiation among species of 6 
the genus Fejervarya often turns out to be very small, involving mainly differences in body 7 
proportions (Veith et al., 2001; Djong et al., 2007). The toe webbing and free flap in the 8 
hindlimb, however, are found to be important traits for distinguishing F. cancrivora (Berry, 9 
1976; Dubois and Ohler, 2001). In West Java, Indonesia, three Fejervarya species are 10 
sympatrically distributed in rice field where we can discriminate F. cancrivora (large-type) 11 
from the other two Fejervarya species (F. limnocharis and F. iskandari) by observing the toe 12 
webbing. In our present findings, the sizes and the shapes of the toe webbing and free flap are 13 
differentiated among the three F. cancrivora types. The toe webbing and free flap are 14 
extensive in the mangrove-type and moderate in the large-type and Sulawesi-type. The 15 
mangrove-type frogs inhabit in the mangrove area near the seashore, and the extensive toe 16 
webbing and well-developed free flap may be regarded as traits adapted to seashore habitats. 17 
Geographic differentiation 18 
 Kurniawan et al. (2009) implied that F. cancrivora was geographically differentiated 19 
into three groups: the large-type group of the Malay Peninsula and Great Sunda region, the 20 
mangrove-type group of the coastal region of India-Indochina-Philippines, and the Sulawesi-21 
type group of the Sulawesi region. Inger and Voris (2001) searched the relation between the 22 
present distributions of frogs and snakes in Sundaland and the known geological history of the 23 
regions, from Isthmus of Kra to Java and Sulawesi. Tougard and Montuire (2006) 24 
distinguished the Sundaland region from the Indo-China region on a mammalian evolution 25 
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 15 
map, using Isthmus of Kra as the border. This grouping is based on regions of different 1 
climates. The Indo-China region of the north from Isthmus of Kra is subtropical, while the 2 
Sundaland region of the south from Isthmus of Kra is tropical. For F. cancrivora, the Isthmus 3 
of Kra is also considered to be the border between the Malay Peninsula and Great Sunda 4 
region and the coastal region of India-Indochina-Philippines. According to Hall (2001), Java 5 
Island was once connected with West Sulawesi Island. Later, an oceanic spreading centre 6 
through the West Philippine basin, the Celebes Sea, and the North Makassar Strait formed a 7 
deep-water rift (what was ultimately to become Wallace’s Line). This geographic event 8 
supports the genetic relationships among the three groups: the Makassar population from the 9 
Sulawesi-type group is genetically closer to the Cianjur population from West Java than to the 10 
Trat and Khulna populations from the Asian coastal regions.  11 
 Elliot and Karunakaran (1974) found F. cancrivora from two habitats, one with 12 
brackish water and one with fresh water, in Singapore. In morphological measurements, the 13 
snout-vent length (SVL) of the brackish water frogs was 64 (55-85) mm in males and 75 (50-14 
88) mm in females, while that of the freshwater frogs was 71 (59-77) mm in males and 76 15 
(66-100) mm in females. The other parameters, such as the head length (HL) and head width 16 
(HW), were almost same in the brackish water and freshwat r males (around 23 mm). From 17 
these measurement data, the frogs from both habitats seem to be the same type, and close to 18 
the large-type. Gillespie et al. (2005) found F. cancrivora in three kinds of habitat, that is, 19 
forest, plantation farm, and seashore area, in Sulawesi. In observations of frogs collected from 20 
the mangrove habitat and seashore localities in the Bangka Island near Sumatra and Cilacap in 21 
Central Java, our group has found that all of these frogs genetically belong to the large-type 22 
(unpublished data). We thus assume that the large-type F. cancrivora can easily adapt to 23 
various habitats.  Further detailed examinations will be necessary to elucidate all aspects of 24 
the differentiation in F. cancrivora from different habitats. 25 
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TABLE AND FIGURE 1 
Table 1. Locality and number of samples used in the present study. 2 
Table 2. Measurements of morphological parameters in males and females of five  3 
 populations of F. cancrivora. 4 
Table 3. Factor loading on the first two components extracted from the correlation  5 
 matrix of 31 characters for males and females of F. cancrivora. 6 
Table 4. Comparisons among adult males of five populations of F. cancrivora from  7 
Asian countries by Dunn's multiple comparision test. The mean measurement values 8 
are in the upper row, and the critical values are in the lower row for each entry. 9 
Table 5. Comparisons among adult females of five populations of F. cancrivora from  10 
Asian countries by Dunn's multiple comparision test. The mean measurement values 11 
are in the upper row, and the critical values are in the lower row for each entry. 12 
Table 6. Developmental capacity and sex of the hybrids among four populations of  13 
 F. cancrivora and the controls. 14 
Table 7. Numbers of meiotic spreads differing in number of univalents in male hybrids  15 
between the Selangor and Khulna populations of F. cancrivora and the control. 16 
Table 8. Numbers of the ring- and rod-shaped bivalents in male hybrids between the 17 
Selangor and Khulna populations of F. cancrivora and the control. 18 
Table 9. Comparation of snout to vent length of F. cancrivora in several references. 19 
 20 
Fig. 1. Female F. cancrivora from five localities. 21 
(A) Cianjur, Indonesia. (B) Selangor, Malaysia. (C) Trat, Thailand. (D) Khulna, 22 
Bangladesh. (E) Makassar, Indonesia. Bar = 10 mm. 23 
Fig. 2. UPGMA dendrogram based on morphological characters of males in five  24 
populations of F. cancrivora. 25 
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Fig. 3. UPGMA dendrogram based on morphological characters of females in five  1 
populations of F. cancrivora. 2 
Fig. 4. Plot of principal component 1 (PC1) versus principal component 2 (PC2) for the  3 
principal component analysis of males in five populations of F. cancrivora. 4 
Fig. 5. Plot of principal component 1 (PC1) versus principal component 2 (PC2) for the  5 
principal component analysis of females in five populations of F. cancrivora. 6 
Fig. 6. Hindlimb toe webbing in three types of F. cancrivora. (A) Hindlimb toe  7 
webbing of the Selangor population (Large-type). (B) Hindlimb toe webbing of the 8 
Trat population (Mangrove-type). (C) Hindlimb toe webbing of the Makassar 9 
population (Sulawesi-type). Bar = 5 mm. Arrow indicates the free flap. 10 
Fig. 7. Survival curves of the hybrids among four populations of F. cancrivora and the  11 
control. (A) Control. (B) Hybrid between Selangor female and Cianjur male. (C) 12 
Hybrid between Selangor female and Khulna male. (D) Hybrid between Selangor 13 
female and Trat male.  14 
Fig. 8. Cross-sections of seminiferous tubules in the testes of the control and the hybrid 15 
between Selangor female and Khulna male. (A) Control. (B) Hybrid between Selangor 16 
female and Khulna male. 17 
Fig. 9. Spermatocytes at the first meiosis and chromosome complements in the control  18 
and the hybrid between Selangor female and Khulna male. (A) Control containing 13 19 
bivalents, which are all ring-shaped. (B) Hybrid containing 13 bivalents, which are 20 
ring- or rod-shaped. (C-E) Hybrids contained 2-6 univalents.  21 
Fig. 10. Frequencies of meiotic spreads differing in the number of univalents in the males of 22 
the control and the hybrid between Selangor female and Khulna male. (A) Control. 23 
(B) Hybrid between Selangor female and Khulna male.  24 
 25 
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Table 1. Locality and number of samples used in the present study
Population 
abbreviation ♂ ♀ ♂ ♀
Indonesia Cianjur, West Java Cian 11 12 3 0
Malaysia Selangor, Malay Peninsula Sela 10 11 3 5
Thailand Trat, Eastern Thailand Trat 10 10 2 0
Bangladesh Khulna, Southern Bangladesh Khul 7 6 2 0
Indonesia Makassar, South Sulawesi Maka 10 10 ‒ ‒
48 49 10 5
Crossing experimentsMorphometry
Total
Country Locality
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Table 2. Measurements of morphological parameters in males and females of five populations of F. cancrivora
Morphological
♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀
 n=11  n=12 n=10 n=11 n=10 n=10 n=7 n=6 n=10 n=10
SVL 69.5±3.9 95.7±5.3 65.0±4.1 76.0±12.5 55.5±5.3 67.4±9.6 54.5±5.4 70.4±12.9 58.2±4.5 70.9±8.6
(62.7-76.2) (89.5-106) (59.3-71.2) (60.7-98.3) (47.3-62.4) (51.3-78.3) (46.6-60.6) (46.6-83.6) (48.1-63.9) (63.2-85.7)
HL 22.4±1.5 34.4±1.5 21.6±2.3 25.8±4.0 18.9±1.5 22.5±2.7 18.3±1.5 23.2±3.9 23.6±1.1 28.1±3.8
(19.7-24.1) (32.3-37.6) (18.0-24.4) (21.0-33.0) (16.6-21.2) (18.5-25.8) (16.6-20.0) (15.8-26.2) (21.6-25.3) (24.1-33.8)
HW 24.9±1.6 35.4±1.9 22.9±1.6 26.3±5.2 17.7±1.9 21.6±3.8 18.3±1.7 24.8±4.7 23.3±1.4 28.3±3.3
(22.6-27.6) (32.1-38.8) (19.5-25.0) (20.2-34.7) (15.9-20.9) (16.3-26.7) (15.8-20.9) (15.8-28.2) (20.8-25.6) (24.8-33.4)
STL 17.0±1.9 26.0±2.0 16.8±2.3 21.4±3.8 14.8±1.3 8.2±2.2 14.2±1.4 18.3±3.6 16.8±1.2 20.6±2.3
(13.3-20.0) (24.1-31.3) (13.5-19.4) (16.8-28.4) (12.3-16.3) (14.9-21.4) (12.1-15.5) (11.7-21.4) (14.5-19.2) (18.6-24.6)
MSL 19.1±3.6 27.7±2.8 18.0±2.5 23.3±3.4 16.5±1.6 19.7±2.3 16.7±1.6 19.5±4.1 18.3±1.2 21.9±2.6
(15.4-27.9) (25.0-35.1) (13.5-21.3) (19.0-30.2) (14.4-19.2) (16.1-22.2) (14.2-19.2) (12.8-25.0) (15.9-20.5) (19.6-27.1)
NS 4.3±1.4 6.6±0.2 4.0±1.0 5.0±0.9 3.6±0.5 4.4±0.5 3.7±0.4 3.7±0.6 4.0±0.4 4.8±0.8
(2.6-7.4) (6.2-7.0) (2.5-5.2) (4.0-6.6) (2.8-4.3) (3.5-5.3) (3.1-4.1) (2.7-4.3) (3.4-4.5) (3.9-6.2)
SL 9.0±1.2 13.2±0.7 8.5±1.3 11.1±1.8 8.4±0.7 9.7±1.3 7.7±0.8 9.6±1.8 8.6±0.5 10.6±1.5
(7.2-10.6) (12.2-14.6) (6.0-10.5) (9.0-14.5) (6.9-9.0) (7.4-11.2) (6.7-8.7) (6.7-12.3) (7.7-9.4) (8.8-12.8)
NTL 5.1±1.6 20.9±0.7 14.4±1.0 16.7±2.6 12.3±0.7 14.7±1.8 12.2±0.9 15.1±2.2 14.0±1.1 16.8±1.7
(12.9-16.9) (19.8-22.1) (12.5-15.8) (13.4-20.5) (11.3-13.5) (12.0-17.1) (11.0-13.4) (11.0-16.8) (11.8-16) (15.1-19.7)
EN 6.6±1.3 10.6±0.8 5.9±0.7 7.8±2.0 5.4±0.6 6.4±0.9 5.9±0.9 6.6±1.2 5.7±0.4 7.2±0.7
(4.2-8.4) (9.5-12.0) (4.6-6.8) (5.6-12.6) (4.0-6.2) (4.9-7.2) (5.3-7.9) (4.5-8.0) (5.0-6.4) (6.4-8.4)
TEL 3.5±0.9 5.8±0.3 2.9±0.5 3.5±0.9 2.8±0.4 3.3±0.6 2.6±0.3 3.5±0.6 3.7±0.4 4.5±0.4
(2.5-4.8) (5.3-6.4) (2.5-4.1) (2.4-5.9) (2.3-3.4) (2.3-3.8) (2.2-2.9) (2.5-4.0) (3.2-4.7) (3.9-5.2)
TD 4.7±0.4 6.2±0.3 4.4±0.5 4.7±0.6 4.1±0.5 4.4±0.7 4.1±0.5 4.7±0.9 4.5±0.2 5.2±0.7
(4.0-5.4) (5.6-6.8) (3.9-5.3) (4.0-5.7) (3.3-4.6) (3.4-5.4) (3.3-4.6) (3.3-5.8) (4.0-4.8) (4.3-6.5)
MN 23.3±2.2 33.0±1.0 21.3±1.7 26.2±5.0 18.2±2.3 22.3±3.7 18.2±2.1 21.5±3.9 20.3±1.3 24.6±2.7
(19.7-26.7) (31.2-35.0) (19.0-23.4) (20.5-34.8) (15.2-22.0) (17.3-26.8) (14.9-20.5) (14.9-24.8) (17.9-22.5) (22.1-29.1)
MFE 17.3±2.2 25.2±1.1 16.1±2.0 19.5±3.0 14.4±2.8 16.9±3.1 13.8±1.6 16.6±3.4 14.9±0.8 18.0±2.2
(14.2-20.3) (23.7-27.0) (12.7-19.8) (15.2-24.3) (11.0-19.4) (12.9-21.4) (11.2-15.8) (11.2-19.6) (13.6-15.9) (15.8-21.3)
MBE 10.2±2.1 16.5±2.1 10.3±1.1 12.3±2.9 9.4±2.3 10.7±2.4 8.0±1.3 10.2±2.2 10.4±0.9 12.6±1.5
(7.0-13.3) (12.2-19.9) (8.5-12.3) (8.0-18.4) (6.5-14.0) (7.5-15.3) (6.3-9.4) (7.2-12.7) (9.2-12.1) (10.5-14.7)
IN 4.0±1.1 5.9±1.1 4.2±0.4 4.9±0.9 3.6±0.4 4.3±0.5 3.6±0.2 4.3±0.6 3.2±0.3 3.9±0.6
(2.1-5.6) (4.5-8.0) (3.4-4.8) (4.0-6.7) (3.2-4.5) (3.5-5.0) (3.2-4.0) (3.2-5.1) (2.8-3.8) (3.1-4.8)
EL 7.3±0.5 10.2±1.3 7.4±0.7 8.3±1.2 6.4±0.7 7.3±1.0 6.5±0.9 6.9±1.1 6.0±0.5 6.4±0.6
(6.4-8.2) (8.8-13.5) (6.0-8.4) (6.9-10.9) (5.0-7.9) (6.2-8.8) (4.7-7.5) (4.7-7.8) (5.5-7.0) (5.7-7.4)
IOD 4.0±0.8 5.5±1.4 3.3±0.6 4.5±0.6 3.2±0.5 3.1±0.7 3.3±0.5 4.5±0.9 3.7±0.2 4.6±0.4
(3.0-5.5) (3.6-9.2) (2.4-4.7) (4.0-6.2) (2.5-4.0) (2.1-4.4) (2.3-4.0) (3.0-5.3) (3.3-4.0) (4.2-5.2)
UEW 5.6±0.5 7.8±1.5 5.5±0.8 6.1±0.6 4.5±0.6 5.3±0.4 4.3±0.6 4.2±0.7 4.7±0.3 5.7±0.6
(5.2-6.7) (6.3-11.7) (4.8-7.4) (5.1-7.1) (3.6-5.5) (4.7-5.8) (3.5-5.1) (3.0-5.0) (4.1-5.1) (4.8-6.5)
HAL 15.0±1.3 22.2±2.2 14.5±1.0 16.6±1.9 11.5±1.5 13.5±2.3 11.8±0.9 14.5±2.3 13.7±0.8 16.7±2.2
(13.1-16.6) (19.9-25.9) (12.5-15.7) (14.4-20.6) (9.0-13.3) (10.3-16.2) (10.5-13.0) (10.5-16.9) (11.9-14.6) (13.8-21.2)
FLL 16.0±1.1 22.1±1.6 16.0±1.0 16.6±2.8 13.3±1.6 14.0±2.6 13.4±1.7 15.9±2.4 14.3±0.9 17.1±1.9
(14.2-17.9) (20.0-25.4) (14.5-18.1) (13.3-22.4) (11.0-15.9) (9.9-17.2) (11.2-15.3) (11.2-17.8) (12.6-15.3) (15.2-19.9)
LAL 20.7±1.9 27.9±1.9 19.6±0.9 22.0±3.9 15.9±1.7 17.3±3.2 15.8±2.6 18.1±3.5 12.4±0.3 15.3±1.9
(17.0-23.1) (25.1-31.8) (18.5-20.9) (18.2-28.9) (12.5-19.0) (11.8-22.0) (12.4-19.4) (12.5-22.0) (11.9-12.8) (13.3-18.6)
HLL 103.7±6.3 142.6±7.1 96.0±7.0 112.8±20.5 76.5±7.2 85.5±13.3 77.2±7.3 97.6±19.0 97.5±7.0 118.7±11.9
(93.7-116.3) (129.7-155.9) (85.1-103.5) (87.0-151.2) (63.0-84.1) (66.9-100.0) (64.0-85.9) (64.0-113.7) (81.6-107.9) (106.9-137.9)
THIGHL 30.6±2.3 42.5±3.3 29.0±3.5 30.8±5.1 22.4±1.8 25.0±5.0 23.3±2.2 29.4±6.1 29.8±1.9 36.7±4.8
(26.3-33.5) (37.5-48.5) (23.5-35.3) (26.0-43.0) (20.8-25.9) (18.6-33.1) (20.1-25.7) (18.1-33.7) (26.3-33.4) (31.4-44.0)
TL 36.5±2.3 47.1±3.1 33.4±1.7 33.8±7.6 24.9±2.5 27.9±5.6 25.1±1.7 32.5±7.2 31.5±2.1 38.9±4.7
(32.6-41.6) (41.6-51.4) (31.0-36.0) (24.2-49.2) (21.0-29.5) (20.2-34.5) (21.8-27.3) (21.8-40.8) (26.9-35.2) (33.7-47.0)
FOL 35.4±2.9 44.1±6.7 33.1±1.8 36.5±7.2 25.2±2.9 30.2±5.5 25.5±3.4 34.4±7.4 31.6±2.3 38.3±4.0
(31.0-40.9) (28.0-50.7) (29.8-36.1) (26.7-50.3) (21.1-29.1) (23.5-37.8) (21.4-29.5) (21.4-40.6) (27.2-34.5) (33.7-43.8)
TFOL 51.3±3.6 69.9±2.5 47.3±1.8 55.1±10.5 36.3±3.9 43.1±8.1 36.3±4.4 51.1±10.5 47.2±3.7 56.7±5.8
(45.2-57.2) (66.4-75.2) (44.5-49.8) (42.9-70.0) (29.0-42.0) (33.5-54.8) (30.2-41.4) (32.4-60.4) (39.3-51.8) (50.0-66.7)
3FL 12.3±2.5 12.4±1.3 10.4±1.5 10.0±1.3 7.4±0.8 7.6±0.9 7.3±0.7 8.8±1.9 8.1±0.4 9.8±1.0
(9.5-17.0) (10.5-13.9) (8.9-13.0) (8.0-12.7) (6.0-8.2) (5.9-8.5) (6.4-8.3) (5.6-11.1) (7.3-8.7) (8.4-11.3)
1FL 11.1±1.4 13.6±0.6 10.1±0.9 10.5±1.6 6.5±1.0 8.0±1.9 6.0±0.7 8.5±2.0 7.4±0.6 9.3±0.8
(8.3-12.8) (12.8-14.6) (9.1-11.9) (8.7-13.8) (5.0-8.2) (4.9-10.1) (5.0-7.2) (5.0-10.6) (6.4-8.3) (8.1-10.3)
4TL 26.4±3.9 34.0±2.5 24.1±4.2 26.1±2.2 18.8±1.2 20.7±2.8 19.2±2.0 23.0±3.4 22.1±2.1 28.1±3.5
(21.7-35.3) (28.8-37.7) (20.9-35.2) (22.6-29.3) (16.9-21.3) (16.0-24.1) (15.9-21.3) (16.5-26.1) (18.3-25.6) (24.1-33.7)
IMTL 4.2±0.7 5.8±0.3 3.9±0.5 4.9±1.0 3.2±0.4 3.6±0.8 3.2±0.2 4.1±0.7 3.1±0.2 3.8±0.5
(2.7-5.0) (5.3-6.3) (2.9-4.5) (3.3-6.3) (2.6-3.7) (2.4-5.0) (3.0-3.5) (3.0-4.7) (2.8-3.4) (3.1-4.8)
ITL 9.1±1.3 12.2±0.7 8.6±0.9 10.1±1.1 6.7±1.0 7.4±0.9 7.0±1.3 7.6±1.1 7.6±0.6 9.1±1.0
(7.4-11.4) (11.4-13.9) (7.2-9.8) (8.5-11.9) (5.8-9.1) (6.2-8.5) (5.6-8.9) (5.3-8.1) (6.5-8.5) (7.8-10.5)
Data are shown as the mean and standard deviation, followed by the range in parentheses.
All measurements are shown in mm.
character
Makassar, IndonesiaCianjur, Indonesia Selangor, Malaysia Trat, Thailand Khulna, Bangladesh
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Table 3. Factor loading on the first two components extracted
from the correlation matrix of 31 characters for males and
females of F. cancrivora
Character
PC 1 PC 2 PC 1 PC 2
SVL 0.04 0.30 0.05 -0.16
HL -0.29 -0.16 0.25 0.07
HW -0.32 0.09 0.25 0.12
STL -0.21 -0.24 0.16 -0.09
MSL -0.15 -0.29 0.13 -0.17
NS -0.06 -0.20 0.11 -0.28
SL -0.10 -0.31 0.10 -0.06
NTL -0.20 -0.08 0.17 0.06
EN -0.04 -0.19 0.13 -0.23
TEL -0.20 -0.09 0.19 0.05
TD -0.06 -0.14 0.15 0.19
MN -0.20 -0.07 0.17 -0.19
MFE -0.06 -0.17 0.12 -0.25
MBE -0.11 -0.14 0.16 -0.11
IN 0.09 -0.19 -0.11 -0.26
EL 0.11 -0.19 -0.12 -0.34
IOD -0.09 -0.04 0.15 0.03
UEW 0.00 0.04 0.08 -0.26
HAL -0.23 0.00 0.23 -0.09
FLL -0.09 -0.07 0.21 0.02
LAL 0.24 0.07 -0.07 -0.37
HLL -0.32 0.12 0.27 0.04
THIGHL -0.31 0.02 0.27 0.13
TL -0.26 0.26 0.25 0.10
FOL -0.28 0.19 0.17 0.17
TFOL -0.29 0.19 0.24 0.10
3FL 0.00 0.32 0.22 -0.04
1FL -0.02 0.32 0.16 -0.24
4TL -0.14 0.13 0.25 0.01
IMTL 0.02 0.02 0.02 -0.21
ITL -0.05 0.13 0.18 -0.24
Eigenvalues 7.62 5.20 11.29 4.08
Variance explained (%) 24.60 16.77 36.43 13.17
Cumulative explained (%) 24.60 41.36 36.43 49.60
Male Female
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Table 4. Comparisons among adult males of five populations of F. cancrivora  from Asian countries
by Dunn's multiple comparision test. The mean measurement values are in the upper row, and the
critical values are in the lower row for each entry
Character Cian-Sela Cian-Trat Cian-Khul Cian-Maka Sela-Trat Sela-Khul Sela-Maka Trat-Khul Trat-Maka Khul-Maka
SVL 0.0288 0.0984 0.1065 0.0779 0.0696 0.0777 0.0491 0.0081 -0.0205 -0.0286
0.0532 0.0532** 0.0588** 0.0532** 0.0544** 0.0600** 0.0544* 0.06 0.0544 0.06
HL -0.0126 -0.0253 -0.0195 -0.1018 -0.0127 -0.0069 -0.0892 0.0059 -0.0764 -0.0823
0.038 0.038 0.0421 0.0380** 0.0389 0.0429 0.0389** 0.0429 0.0389** 0.0429** 
HW 0.0086 0.0508 0.0251 -0.0487 0.0422 0.0165 -0.0573 -0.0257 -0.0995 -0.0738
0.0361 0.0361** 0.04 0.0361** 0.0370** 0.0407 0.0370** 0.0407 0.0370** 0.0407** 
STL -0.0213 -0.0384 -0.0276 -0.0743 -0.0171 -0.0063 -0.053 0.0108 -0.036 -0.0467
0.0499 0.0499 0.0552 0.0499** 0.0511 0.0563 0.0511** 0.0563 0.0511 0.0563
MSL -0.0043 -0.0393 -0.0527 -0.0641 -0.035 -0.0484 -0.0598 -0.0134 -0.0248 -0.0114
0.0632 0.0632 0.0699 0.0632** 0.0647 0.0713 0.0647* 0.0713 0.0647 0.0713
NS -0.012 -0.044 -0.0603 -0.064 -0.032 -0.0483 -0.052 -0.0163 -0.02 -0.0037
0.1304 0.1304 0.1443 0.1304 0.1335 0.1471 0.1335 0.1471 0.1335 0.1471
SL -0.0016 -0.0678 -0.0426 -0.0622 -0.0662 -0.041 -0.0606 0.0253 0.0056 -0.0196
0.0635 0.0635** 0.0703 0.0635* 0.0650** 0.0717 0.0650* 0.0717 0.065 0.0717
NTL -0.0089 -0.0119 -0.0177 -0.047 -0.003 -0.0087 -0.0381 -0.0058 -0.0351 -0.0294
0.0474 0.0474 0.0525 0.0474* 0.0485 0.0535 0.0485 0.0535 0.0485 0.0535
EN 0.0114 -0.0166 -0.0624 -0.0188 -0.028 -0.0738 -0.0302 -0.0458 -0.0022 0.0436
0.0929 0.0929 0.1028 0.0929 0.0951 0.1048 0.0951 0.1048 0.0951 0.1048
TEL 0.0397 -0.0024 0.0177 -0.1167 -0.0422 -0.022 -0.1565 0.0201 -0.1143 -0.1345
0.1047 0.1047 0.1158 0.1047** 0.1071 0.118 0.1071** 0.118 0.1071** 0.1180** 
TD 0.0006 -0.0409 -0.0451 -0.0541 -0.0415 -0.0456 -0.0546 -0.0041 -0.0132 -0.009
0.0595 0.0595 0.0659 0.0595* 0.061 0.0672 0.0610* 0.0672 0.061 0.0672
MN 0.0095 0.01 0.002 -0.0201 0.0005 -0.0075 -0.0295 -0.008 -0.0301 -0.0221
0.0394 0.0394 0.0436 0.0394 0.0403 0.0444 0.0403 0.0444 0.0403 0.0444
MFE 0.0016 -0.0151 -0.0084 -0.0166 -0.0167 -0.01 -0.0182 0.0067 -0.0015 -0.0082
0.0621 0.0621 0.0687 0.0621 0.0636 0.0701 0.0636 0.0701 0.0636 0.0701
MBE -0.026 -0.0463 0.0075 -0.0806 -0.0203 0.0335 -0.0546 0.0538 -0.0343 -0.0881
0.0961 0.0961 0.1064 0.0961* 0.0984 0.1084 0.0984 0.1084 0.0984 0.1084
IN -0.0637 -0.0688 -0.0685 0.0011 -0.005 -0.0048 0.0648 0.0003 0.0699 0.0696
0.1111 0.1111 0.123 0.1111 0.1138 0.1254 0.1138 0.1254 0.1138 0.1254
EL -0.0321 -0.0387 -0.0566 0.0079 -0.0066 -0.0245 0.04 -0.0179 0.0467 0.0646
0.0582 0.0582 0.0644* 0.0582 0.0596 0.0657 0.0596 0.0657 0.0596 0.0657* 
IOD 0.0565 -0.0003 -0.0234 -0.0491 -0.0568 -0.0799 -0.1056 -0.0231 -0.0488 -0.0257
0.106 0.106 0.1173 0.106 0.1085 0.1195 0.1085* 0.1195 0.1085 0.1195
UEW -0.0181 -0.0014 0.0058 0.001 0.0166 0.0238 0.0191 0.0072 0.0024 -0.0048
0.0733 0.0733 0.0811 0.0733 0.075 0.0826 0.075 0.0826 0.075 0.0826
HAL -0.0138 0.0195 -0.0005 -0.0372 0.0333 0.0133 -0.0234 -0.02 -0.0567 -0.0367
0.0465 0.0465 0.0514 0.0465 0.0476 0.0524 0.0476 0.0524 0.0476** 0.0524
FLL -0.0282 -0.0146 -0.0257 -0.0275 0.0136 0.0026 0.0007 -0.0111 -0.0129 -0.0018
0.0374 0.0374 0.0414 0.0374 0.0383 0.0422 0.0383 0.0422 0.0383 0.0422
LAL -0.006 0.0162 0.0141 0.1449 0.0222 0.0201 0.1509 -0.0021 0.1286 0.1307
0.0547 0.0547 0.0605 0.0547** 0.056 0.0617 0.0560** 0.0617 0.0560** 0.0617** 
HLL 0.0052 0.035 0.023 -0.0505 0.0298 0.0178 -0.0557 -0.0121 -0.0856 -0.0735
0.0335 0.0335** 0.0371 0.0335** 0.0343* 0.0378 0.0343** 0.0378 0.0343** 0.0378** 
THIGHL -0.0041 0.0369 0.0121 -0.0667 0.041 0.0163 -0.0625 -0.0247 -0.1035 -0.0788
0.0493 0.0493 0.0545 0.0493** 0.0504 0.0556 0.0504** 0.0556 0.0504** 0.0556** 
TL 0.0089 0.0685 0.0564 -0.0142 0.0595 0.0475 -0.0231 -0.0121 -0.0826 -0.0706
0.0252 0.0252** 0.0279** 0.0252 0.0258** 0.0284** 0.0258* 0.0284 0.0258** 0.0284** 
FOL -0.0001 0.0498 0.0378 -0.0287 0.0499 0.0379 -0.0286 -0.012 -0.0786 -0.0665
0.0408 0.0408** 0.0452 0.0408 0.0418** 0.0461 0.0418 0.0461 0.0418** 0.0461** 
TFOL 0.0055 0.0527 0.0456 -0.0416 0.0473 0.0402 -0.0471 -0.0071 -0.0944 -0.0873
0.0335 0.0335** 0.0371** 0.0335** 0.0343** 0.0378** 0.0343** 0.0378 0.0343** 0.0378** 
3FL 0.0398 0.121 0.1174 0.0985 0.0812 0.0776 0.0587 -0.0036 -0.0225 -0.0189
0.1057 0.1057** 0.1169** 0.1057* 0.1082 0.1192 0.1082 0.1192 0.1082 0.1192
1FL 0.0089 0.1371 0.1553 0.0968 0.1282 0.1464 0.0879 0.0182 -0.0403 -0.0585
0.0675 0.0675** 0.0747** 0.0675** 0.0691** 0.0761** 0.0691** 0.0761 0.0691 0.0761
4TL 0.0112 0.0454 0.0301 -0.0036 0.0342 0.0189 -0.0148 -0.0153 -0.049 -0.0337
0.0652 0.0652 0.0722 0.0652 0.0668 0.0736 0.0668 0.0736 0.0668 0.0736
IMTL -0.008 0.0107 -0.0015 0.0461 0.0187 0.0065 0.0542 -0.0122 0.0355 0.0477
0.0798 0.0798 0.0883 0.0798 0.0817 0.09 0.0817 0.09 0.0817 0.09
ITL -0.0049 0.0371 0.01 0.0017 0.042 0.0149 0.0066 -0.0271 -0.0354 -0.0083
0.0683 0.0683 0.0756 0.0683 0.0699 0.0771 0.0699 0.0771 0.0699 0.0771
*significance level p <0.05; ** significance level p <0.01.
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Table 5. Comparisons among adult females of five populations of F. cancrivora  from Asian countries
by Dunn's multiple comparision test. The mean measurement values are in the upper row, and the
critical values are in the lower row for each entry.
Character Cian-Sela Cian-Trat Cian-Khul Cian-Maka Sela-Trat Sela-Khul Sela-Maka Trat-Khul Trat-Maka Khul-Maka
SVL 0.1049 0.1556 0.1397 0.1325 0.0507 0.0348 0.0275 -0.0158 -0.0231 -0.0073
0.088** 0.0903** 0.1055** 0.0903** 0.0922 0.107 0.0922 0.1089 0.0943 0.1089
HL 0.0242 0.0306 0.037 -0.0417 0.0064 0.0128 -0.0658 0.0064 -0.0722 -0.0786
0.021** 0.0215** 0.0251** 0.0215** 0.022 0.0255 0.022** 0.026 0.0225** 0.026**
HW 0.0311 0.0644 0.0227 -0.0336 0.0333 -0.0083 -0.0646 -0.0416 -0.098 -0.0563
0.0274** 0.0281** 0.0329 0.0281** 0.0287** 0.0334 0.0287** 0.0339** 0.0294** 0.0339**
STL -0.0154 0.0019 0.0204 -0.0303 0.0173 0.0358 -0.015 0.0185 -0.0322 -0.0507
0.0263 0.0269 0.0314 0.0269** 0.0275 0.0319** 0.0275 0.0325 0.0281** 0.0325**
MSL -0.0263 -0.0069 0.0217 -0.0296 0.0194 0.048 -0.0033 0.0286 -0.0227 -0.0513
0.0364 0.0373 0.0436 0.0373 0.0381 0.0443** 0.0381 0.045 0.039 0.045**
NS 0.0207 0.0251 0.1211 0.0138 0.0044 0.1004 -0.0069 0.096 -0.0112 -0.1073
0.042 0.0431 0.0503** 0.0431 0.0439 0.051** 0.0439 0.0519** 0.045 0.0519**
SL -0.0272 -0.0167 0.0043 -0.0343 0.0105 0.0315 -0.0071 0.021 -0.0175 -0.0386
0.0265** 0.0272 0.0318 0.0272** 0.0277 0.0322* 0.0277 0.0328 0.0284 0.0328**
NTL -0.0022 0.0007 0.006 -0.0348 0.0029 0.0081 -0.0326 0.0052 -0.0355 -0.0407
0.032 0.0329 0.0384 0.0329** 0.0335 0.0389 0.0335* 0.0396 0.0343** 0.0396**
EN 0.0366 0.0656 0.0718 0.0358 0.029 0.0352 -0.0008 0.0062 -0.0298 -0.036
0.0427* 0.0438** 0.0512** 0.0438 0.0447 0.0519 0.0447 0.0528 0.0458 0.0528
TEL 0.1224 0.1049 0.0895 -0.0167 -0.0175 -0.0329 -0.1391 -0.0154 -0.1216 -0.1062
0.0595** 0.0611** 0.0713** 0.0611 0.0623 0.0724 0.0623** 0.0736 0.0638** 0.0736**
TD 0.0169 -0.0015 -0.0075 -0.0538 -0.0184 -0.0244 -0.0707 -0.006 -0.0523 -0.0463
0.0426 0.0437 0.051 0.0437** 0.0445 0.0517 0.0445** 0.0526 0.0456** 0.0526*
MN 0.003 0.0214 0.0531 -0.0023 0.0184 0.0502 -0.0053 0.0317 -0.0237 -0.0555
0.0308 0.0316 0.0369** 0.0316 0.0323 0.0375** 0.0323 0.0381 0.033 0.0381**
MFE 0.0118 0.0244 0.0498 0.0177 0.0126 0.038 0.0059 0.0255 -0.0066 -0.0321
0.0341 0.035 0.0408** 0.035 0.0357 0.0415* 0.0357 0.0422 0.0365 0.0422
MBE 0.0297 0.0407 0.0769 -0.0139 0.0109 0.0471 -0.0436 0.0362 -0.0545 -0.0908
0.0631 0.0647 0.0755** 0.0647 0.066 0.0767 0.066 0.078 0.0676 0.078**
IN -0.0265 -0.0186 -0.0028 0.0436 0.0078 0.0236 0.0701 0.0158 0.0622 0.0464
0.0602 0.0617 0.0721 0.0617 0.063 0.0732 0.063** 0.0745 0.0645* 0.0745
EL -0.0151 -0.0103 0.0363 0.0726 0.0048 0.0514 0.0878 0.0466 0.0829 0.0363
0.0504 0.0517 0.0604 0.0517** 0.0528 0.0613* 0.0528** 0.0624 0.054** 0.0624
IOD -0.0326 0.0882 -0.059 -0.0656 0.1209 -0.0263 -0.0329 -0.1472 -0.1538 -0.0066
0.0879 0.0902* 0.1053 0.0902 0.092** 0.1069 0.092 0.1088** 0.0942** 0.1088
UEW -0.0036 0.0087 0.1306 -0.0006 0.0122 0.1341 0.0029 0.1219 -0.0093 -0.1312
0.068 0.0698 0.0815** 0.0698 0.0712 0.0827** 0.0712 0.0842** 0.0729 0.0842**
HAL 0.0206 0.0659 0.048 -0.0081 0.0453 0.0274 -0.0287 -0.018 -0.074 -0.0561
0.0382 0.0392** 0.0458** 0.0392 0.04** 0.0465 0.04 0.0473 0.041** 0.0473**
FLL 0.0216 0.0495 0.0071 -0.0196 0.028 -0.0145 -0.0412 -0.0425 -0.0691 -0.0267
0.0366 0.0375** 0.0438 0.0375 0.0383 0.0445 0.0383** 0.0453* 0.0392** 0.0453
LAL 0.0019 0.0574 0.0538 0.131 0.0555 0.0518 0.1291 -0.0037 0.0736 0.0772
0.0425 0.0436** 0.0509** 0.0436** 0.0445** 0.0516** 0.0445** 0.0525 0.0455** 0.0525**
HLL 0.0028 0.0712 0.0324 -0.0513 0.0683 0.0296 -0.0541 -0.0387 -0.1225 -0.0837
0.0284 0.0291** 0.034* 0.0291** 0.0297** 0.0345* 0.0297** 0.0351** 0.0304** 0.0351**
THIGHL 0.0388 0.0813 0.028 -0.0673 0.0424 -0.0108 -0.1061 -0.0533 -0.1486 -0.0953
0.0368** 0.0377** 0.0441 0.0377** 0.0385** 0.0447 0.0385** 0.0455** 0.0394** 0.0455**
TL 0.0479 0.0801 0.0305 -0.047 0.0322 -0.0175 -0.0949 -0.0497 -0.1271 -0.0774
0.0394** 0.0404** 0.0472 0.0404** 0.0412 0.0479 0.0412** 0.0487** 0.0422** 0.0487**
FOL -0.0201 0.0106 -0.0277 -0.075 0.0307 -0.0076 -0.0549 -0.0383 -0.0856 -0.0473
0.0586 0.0601 0.0702 0.0601** 0.0613 0.0712 0.0613* 0.0725 0.0628** 0.0725
TFOL 0.0049 0.061 0.0047 -0.0402 0.0561 -0.0002 -0.045 -0.0563 -0.1011 -0.0448
0.0386 0.0396** 0.0462 0.0396** 0.0404** 0.0469 0.0404** 0.0477** 0.0413** 0.0477*
3FL -0.008 0.057 0.0188 -0.0284 0.065 0.0268 -0.0204 -0.0382 -0.0854 -0.0471
0.0388 0.0398** 0.0465 0.0398 0.0406** 0.0472 0.0406 0.048 0.0416** 0.048*
1FL 0.011 0.088 0.0775 0.0351 0.077 0.0665 0.0241 -0.0104 -0.0529 -0.0424
0.0562 0.0577** 0.0674** 0.0577 0.0589** 0.0684* 0.0589 0.0696 0.0603* 0.0696
4TL 0.01 0.0613 0.0338 -0.0475 0.0512 0.0238 -0.0576 -0.0274 -0.1088 -0.0814
0.046 0.0472** 0.0551 0.0472** 0.0482** 0.056 0.0482** 0.0569 0.0493** 0.0569**
IMTL -0.029 0.0626 0.0163 0.0513 0.0915 0.0452 0.0802 -0.0463 -0.0113 0.035
0.0488 0.05** 0.0584 0.05** 0.0511** 0.0593 0.0511** 0.0603 0.0523 0.0603
ITL -0.0218 0.0636 0.0739 -0.0031 0.0854 0.0958 0.0187 0.0103 -0.0667 -0.077
0.0448 0.046** 0.0537** 0.046 0.0469** 0.0545** 0.0469 0.0554 0.048** 0.0554**
*significance level p <0.05; ** significance level p <0.01.
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Table 6. Developmental capacity and sex of the hybrids among four populations of F.cancrivora  and the controls.
Female Male ♂ ♀
Sela.1 Sela.1 507 471 (93) 449 (89) 450 (89) 418 (82) 146 (29) 129 (25) 0 0 
Sela.2 Sela.1 465 405 (87) 154 (33) 149 (32) 67 (14) 67 (14) 62 (13) 7 5 
Sela.3 Sela.1 468 425 (91) 332 (71) 273 (58) 219 (47) 185 (40) 145 (31) 0 0 
Sela.4 Sela.2 791 791 (100) 669 (85) 603 (76) 578 (73) 570 (72) 487 (62) 0 0 
Sela.5 Sela.3 653 625 (96) 507 (78) 323 (49) 304 (47) 233 (36) 193 (30) 0 0 
2884 2750(95) 2111(73) 1798(62) 1586(55) 1201(42) 1016 (35) 7 5 
Sela.1 Cian.1 531 364 (69) 278 (52) 278 (52) 264 (50) 250 (47) 229 (43) 0 0 
Sela.2 Cian.1 541 391 (72) 324 (60) 295 (55) 120 (22) 104 (19) 102 (19) 8 3
Sela.3 Cian.1 393 378 (96) 310 (79) 279 (71) 197 (50) 184 (47) 144 (37) 0 0 
Sela.4 Cian.2 736 699 (95) 653 (89) 294 (40) 284 (39) 268 (36) 227 (31) 0 0 
Sela.5 Cian.3 90 84 (93) 64 (71) 59 (66) 51 (57) 51 (57) 50 (56) 0 0 
2291 1916 (84) 1629 (71) 1205 (53) 916 (40) 857 (37) 752 (33) 8 3
Sela.1 Khul.1 624 5 (1) 2 (0) 2 (0) 2 (0) 2 (0) 2 (0) 0 0 
Sela.2 Khul.1 687 389 (57) 260 (38) 170 (25) 119 (17) 110 (16) 62 (9) 5 0 
Sela.3 Khul.2 250 4 (2) 3 (1) 2 (1) 2 (1) 0 (0) 0 (0) 0 0 
Sela.4 Khul.2 1187 729 (61) 561 (47) 555 (47) 538 (45) 484 (41) 293 (25) 0 0 
2748 1127 (41) 826 (30) 729 (27) 661 (24) 596 (22) 357 (13) 5 0 
Sela.4 Trat.1 812 812 (100) 610 (75) 489 (60) 429 (53) 400 (49) 362 (45) 0 0 
Sela.5 Trat.2 104 90 (87) 79 (76) 75 (72) 68 (65) 64 (62) 63 (61) 0 0 
916 902 (98) 689 (75) 564 (62) 497 (54) 464 (51) 425 (46) 0 0 
Matured frogsNo. of 
metamorphosed 
frogs (%)
Total 
No. of 
normally 
hatched 
tadpoles (%)
No. of 
normally 
feeding 
tadpoles (%)
No. of normal 
30-day-old 
tadpoles (%)
Parent
No. of eggs
No. of normally 
cleaved eggs 
(%)
Total 
Total 
Total 
No. of 
normal tail-
bud embryos 
(%)
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Table 7. Numbers of meiotic spreads differing in number of univalents in male hybrids 
between the Selangor and Khulna populations of  F. cancrivora  and the control
Mean no. of univalents 
Female Male 0 2 4 6 8 10 per spermatocyte
Selangor Selangor 248 248 (100) 0
Selangor Khulna 237 196 (82.7) 31 (13.1) 13 (5.5) 2 (0.8) 0 0 0.53
Parent
No. of meioses No. of univalents (%)
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Table 8. Numbers of the ring- and rod-shaped bivalents in male hybrids between
the Selangor and Khulna populations of F. cancrivora  and the control
Total no. of Mean  no. of
Female Male bivalents Ring (%) Rod (%) Ring (%) Rod (%) Ring (%) Rod (%) bivalents per cell
Selangor Selangor 248 1240 (100) 0(0) 1984(100) 0(0) 3224(100) 0(0) 13
Selangor Khulna 237 667(61.9) 411(38.1) 1270(78.2) 354(21.8) 1937(71.7) 765(28.3) 11.96
Parent Large  chromosome Small chromosome Total
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Table 9. Comparation of snout to vent length of F. cancrivora  in several references
No. Locality Country SVL (mm) Source
1 Cianjur, Java (neotype) Indonesia ♂ : 68.2 Dubois and Ohler (2000)
♂ : 72.4 (n=80)
♀: 87.5 (n=93)
♂: 74-82 (61-93, n=227)
♀ : 101-105 (64-132, n=1.098)
♂: 65.54 (50.20-86.20, n=183)
♀: 75.10 (40.00-162.00, n=367)
5 Java Indonesia (Sex n/a)*: 100-120 Iskandar (1998)
♂: 77
♀ : 75
♂: 60
♀ : 73
♂: 69
♀ : 67
7 Samut Prakan, Chon Buri and Songkla Thailand (Sex n/a): 45 Nutphund (2001)
8 Chon Buri Thailand ♀ : 68 Taylor (1962)
♂: 53.3 (48.0-60.0; n=6)
♀: 65.0 (59.0-71.0; n=4) 
♂: 50.3 (45.0-55.0; n=3)
♀ : 55.4 (49.0-68.0; n=5)
10 Negros island Philippines ♀: 67 Alcala (1962)
*Sex n/a = Sex information was not available
2 Bogor, Java Indonesia Premo and Atmowidjojo (1987) 
3 Jakarta, Java Indonesia Church (1960)
4 West and East Java Indonesia Kusrini and Alford (2006)
6 Java Indonesia Smith (1930)
Bangkok Thailand
Philippines Philippines
Kurniawan et al. (2010)9
Manila
Bangkok Thailand
Philippines
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